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Abstract: [ Objective] To explore the mechanism underlying the effects of tillage and mulching on the dynamic
changes in soil water content under different precipitation year types and promote the efficient water utilization of
potato. [Methods] From 2018 to 2021, a three-year field experiment was conducted in the dryland area of
southern Ningxia, involving different tillage depths (plowing at 15 cm, subsoiling at 30, 40, and 50 cm)
combined with mulching Coat straw, plastic film, and no mulching).[Results] Tillage and mulching had highly
significant effects on soil water storage and water storage efficiency at the end of the fallow period in both wet and
normal years. Tillage depth exerted a highly significant influence on water storage efficiency in dry years. Mulching
materials significantly affected the soil water storage at the beginning of the fallow period in normal and dry years.
The interaction between tillage and mulching had a highly significant effect on water storage efficiency in normal
years. In wet years, subsoiling at 30 cm combined with plastic film mulching during the fallow period resulted in
higher soil water storage and water storage efficiency. In contrast, under normal and dry year conditions,
subsoiling at 40 cm with oat straw mulching achieved the optimal soil water storage efficiency. Tillage combined
with mulching significantly elevated soil water content in the 0-100 cm soil layer under different precipitation year
types. At a consistent tillage depth, oat straw mulching and plastic film mulching exhibited the optimal
performance in enhancing soil water content across various precipitation year types. For the same mulching
material, subsoiling at 30 and 40 cm produced preferable effects. In wet years, the treatment of subsoiling to 30
cm and covering with oat straw had the best water retention effect in the deep layer (0-40 cm) during the period of
90-120 days. In normal and dry years, the treatment of subsoiling to 40 cm and covering with oat straw had the
most significant effect on increasing the overall soil moisture content in the 0-100 c¢cm layer at all critical periods.
Over the three-year experimental period, oat straw mulching combined with tillage depth achieved the optimal
effects in improving the water use efficiency (WUE) of potato during its growing season and the annual
precipitation use efficiency (PUE). Specifically, in the wet, normal rainfall and dry years, the treatments of 30 cm
and 40 cm subsoiling combined with oat straw mulching consistently presented the best performance in this regard.
Tillage and mulching both exerted a significant effect on crop water use efficiency (WUE) under different
precipitation year types, while their interaction effect was only significant in the normal rainfall year. In the wet
year, the highest crop WUE was obtained under 30 cm subsoiling combined with oat straw mulching, which was a
significant increase of 71.02% compared with conventional tillage without mulching. In the normal rainfall and dry
years, the maximum crop WUE was achieved under 40 cm subsoiling combined with oat straw mulching, with a
significant increase of 51.99% and 111.00%, respectively, relative to conventional tillage without mulching.
Fitting analysis of the relationship between tillage depth and water use efficiency revealed that crop water use
efficiency (WUE) and precipitation use efficiency (PUE) were relatively high at a tillage depth of 30-35 cm in the
wet year, whereas they peaked at a tillage depth of 35-40 cm in both the normal rainfall and dry years.
[Conclusion] The combination of tillage depth and mulching can effectively improve the soil moisture status
during both the fallow period and growing season, thereby enabling the efficient water utilization of potato. It is
therefore recommended that in the dry farming region of southern Ningxia, the treatment of 30-35 c¢cm subsoiling
combined with oat straw mulching be adopted for wet years, while 35-40 cm subsoiling combined with oat straw
mulching 1s optimal for both normal rainfall and dry years.
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Fig.2 Vertical variation characteristics of soil water content under tillage with mulching during potato growing season
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